Abstract
Computed tomography was used to determine the vertical gradient of density in the peripheral lung tissue of 12 patients with histologically proved fibrosing alveolitis and 12 patients with chronic bronchitis and evidence of pulmonary emphysema on the computed tomograms. Measurements were made at total lung capacity and at residual volume and compared with similar measurements from 12 normal subjects reported in a previous study. At residual volume the mean peripheral tissue density in the emphysematous lungs was 0-081 kg/l compared with 0426 kgll in the fibrotic lungs and 0-323 kg/l in the normal lungs. The observed densities in the three groups were compared with those in a theoretical model predicting the vertical changes of lung density caused by gravitational effects that would be found in lungs with differing compliance. The emphysematous lungs showed a much greater increase of density with descent down the lung than that predicted for normal lungs, and the results were explicable by an increase in compliance. The figure 3a , for which the equation is: CL = 5-7-(2 x VL/TLC)27-(VL/TLC) % TLC/cm H20.
A synthetic pressure-volume relationship for normal lung obtained by integrating this equation is shown in figure 3b . Armed with this equation we calculated the vertical distribution of density in a tall stack of lung tissue collapsing under its own weight. The upper element of the stack was taken to be at 101% of TLC. We assumed the lung characteristics described by Weibel, with a weight of 825 g and a TLC of 6400 ml."3 At any given degree of whole lung inflation the vertical density gradient within the lung would be represented by some segment of this curve.
Previously we noted that the supine lung is about 17 cm tall at TLC and shrinks to some 12 cm at RV. When figure 4 . We have superimposed the real data of the patients at RV from figure 2 and data from the 12 normal subjects from reference 3.
Results
The mean peripheral lung density in the emphysematous lungs was 0-061 kg/l at TLC. This changed little with reduction in lung volume and was 0 081 kg/l at RV (table 1) . The density values ranged from 0-039 kg/l to 0 103 kg/l at TLC in the 12 subjects and from 0-048 kg/l to 0 142 kg/l at RV. The gradient was greater than would be predicted by comparison with the "family" of calculated density gradients shown by the solid lines in figure 4 .
In the lungs of patients with fibrosing alveolitis the mean peripheral lung density was 0-211 kg/l at TLC and 0-426 kg/l at RV. The range of density values in the 12 subjects was from 0 151 to 0-253 kg/l at TLC and from 0-295 to 0-620 kg/l at RV. The gradient was less than would be predicted by comparison with the family of curves shown in figure 4.
Discussion
We have shown previously that in normally compliant lung the greater the density the more pronounced the curve-that is, the density gradient.3 Density in normal lung is directly related to the degree of inflation; thus a vertical density gradient predicted for normal lung at TLC would be to the left and at RV to the right of the curves for normal lung shown in figure 4 . Although the patients with emphysema had lightweight lungs and a low Kco, suggesting reduced pulmonary blood volume, their lungs show a much greater than predicted increase in density towards the bottom of the supine lung, reflecting a substantial increase in compliance. The patients with fibrosis on the other hand, with quite similar losses of pulmonary capillary blood volume, show a less than predicted increase in density with descent down the lung. Their observed gradient is similar to that in the normal subjects with a lower mean density, indicating a considerable loss of compliance.
Comparisons of computed tomograms with lung models and with isolated healthy and diseased lungs show that tomograms provide accurate maps of physical density distributions.' 1`' Many authors, such as Kreel, observing the vertical density gradients in healthy lungs, have noted that they are more obvious in expiration than inspiration (when most lung units are fully inflated on the plateau of the pressure-volume curve and hence have similar compliance) and that they are inverted with reversal of posture, and have attributed them to the effects of gravity on the pulmonary circulation. Alterations of the vertical density gradients in diseased lungs have also been observed frequently,"'0 alterations again being principally attributed to loss, distension, or leakage of vessels. We suggest that vertical density gradients also reflect local lung compliance, especially in expiration.
Global lung compliance was measured in Lung density Figure 4 Mean densities observed at residual volume in 12 patients with emphysema (squares), 12 patients withfibrosing alveolitis (triangles), and 12 normal subjects (circles;from a previous study) compared with predictedgradients described in the text (solid lines). Consequently measurements of whole lung compliance substantially underestimate the severity of changes in the damaged parts of the lung. If, for example, the 15 patients with emphysema mentioned earlier had half of their lungs affected the compliance of the emphysematous half would be 1-25 1/cm H20-that is, a fivefold increase. Similarly, if the 15 patients with fibrosing alveolitis had half of their lungs affected the compliance of the fibrotic part would be 0-01 1/cm H20, a more than 10 fold drop. We believe that it is these severe local changes as well as the effects of gravity on blood vessels that contribute to vertical density gradients in computed tomograms of diseased lungs. 
